Introduction
The Sumatra volcanic arc coincides with the Sumatra fault throughout its length in central and southern Sumatra, both forming approximate small circles. In north Sumatra, however, the volcanic chain diverges northward from the trend of the Sumatra fault and appears to step toward the backarc region by a few tens of kilometers (Figure 1 ). Based on this apparent offset of the volcanic arc trend, Page et al. [1979] suggested that an E-side-down vertical tear exists in the subducted slab along the down-dip extension of the Investigator Fracture Zone (IFZ).
The IFZ is particularly interesting because it subducts below the south end of Toba caldera, the Earth's largest Quaternary caldera that formed at 0.075 Ma [Chesner et al., 1991] when 2500-3000 km3 of material was erupted [Rose and Chesner, 1987] . Although a causal relationship between Toba and the tear has been suggested [Page et al., 1979] , evidence for a tear of significant offset in the slab has not been compelling. We investigate the slab geometry beneath Toba caldera using earthquake hypocenters based on local arrival time data from eight short-period, vertical component, digital, telemetered seismic stations operated by the Meteorological and Geophysical Agency of Indonesia. Hypocenters reveal that the slab beneath Toba changes strike from NNW south of Toba to more NW north of it. We suggest that this bend, which is concentric with a change in trench orientation, is the primary structure in the slab and that the high seismicity in the Ntrending IFZ occurs because it cuts obliquely across the bend. The earthquake data may allow a vertical tear at the IFZ but of not more than 20 kilometers.
Earthquake Data
We manually picked arrival times of P and S waves from computer displays of digital seismograms of the telemetered network in northern Sumatra and from paper copies of regional analog seismic stations (Figures 1 and 2a) for October 1990 to April 1993. Estimated uncertainties in the arrival times at digital and analog stations, respectively, are 0.05 s and 0.5 s for P-waves, and 0.5 s and 1.0 s for S-waves. We use a one-dimensional velocity model (Figure 2b) , slightly slower than a global average owing to the island arc setting, and a P/S wave speed ratio of 1.77, estimated from relative P and S times. The location program, HYPOINVERSE [Klein, 1978] , uses the reading errors of the P-waves,'S-waves, and specified uncertainties in the velocity model (assumed to be 0.5 s) to estimate formal uncertainties in hypocenters. Earthquake locations used to infer the slab geometry and shown in the figures are those with root-mean-square of arrival time we feel that the convergence obliquity is not a major factor in activating the subducted IFZ.
The density contrast due to age differences across the IFZ may also cause vertical shear stress on the IFZ. Several kilometers south of the intersection of Java trench and IFZ and west of the IFZ is a 46 Ma age extinct spreading center that has been subducted on the east side [Royer and Sandwell, 1989] . The difference in age across the IFZ is less than 10 Ma where magnetic anomalies are observed. The length of the subducted fracture zone from the trench to 180 km depth is about 670 km and we estimate that the age of the plate at 180 km depth is 68 Ma west of the IFZ and 62 Ma east of it. Assuming that oceanic lithosphere increases its average density from 3000 kg/m 3 to 3300 kg/m 3 in 100 Ma at a squareroot-of-age rate, the density difference from 62 to 68 Ma is 11 kg/m 3, or 0.3%. This is probably too small to be responsible for the difference in depth between the eastern and western parts of the IFZ.
Our preferred interpretation for the high seismicity of the IFZ is that the IFZ, which trends north, obliquely intersects the southeastern limb of the bend in the slab where it is under lateral compression. Unresolved is whether or not the spatial correspondence of the IFZ with Toba, the site of the world's largest Quaternary eruption• indicates a genetic relation between the two. One possibility is that the IFZ, perhaps being more altered (hydrated) than normal oceanic crust and now more exposed due to post-subduction faulting, serves as a site of focused volatile release into the overlying mantle wedge. Finally, while the offset of the slab at the IFZ may be small, this offset and the topography of the IFZ beneath the forearc may limit the lateral rupture of great earthquakes along the subduction interface [Newcomb and McCann, 1987] .
Conclusions
Thirty months of local earthquake data reveal the shape of the slab beneath Toba caldera. A change in slab geometry coincides with the apparent offset of the volcanic arc in the vicinity of Toba. However, we are not able to distinguish unequivocally whether there is a tear beneath Toba caldera. We suggest that the slab is broadly bent beneath the Toba section of the arc producing a change in strike that parallels the change in strike of the trench. Anomalously high seismicity along the subducted Investigator Fracture Zone is suggested to result from the intersection of the IF'Z with the bend in the slab, where it is under compressive stress.
